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INTRODUCTION 


Breast  cancer  is  a  high  frequency  disease  that  can  often  be  treated  successfully  if  detected  early, 
yet  once  metastasis  occurs  there  is  a  reduced  chance  of  patient  survival.  A  large  proportion 
(~70%)  of  patients  who  die  of  their  disease  have  skeletal  involvement  (1),  indicating  that  bone 
metastasis  is  a  major  cause  of  morbidity  in  patients  with  breast  cancer.  Due  to  the  high 
frequency  and  severity  of  breast  cancer  metastasis  to  bone,  and  the  lack  of  markers  that  allow  for 
early  detection  and  therapy,  it  is  necessary  to  determine  the  cellular  and  molecular  mechanisms 
by  which  the  specific  spread  of  breast  cancer  cells  to  the  bone  occurs.  There  are  a  number  of 
steps  in  the  metastatic  process,  including  local  invasion  of  breast  cancer  cells  out  of  the  stroma 
and  the  ability  to  overcome  cell-cell  interactions  to  enter  the  circulation  and  the  subsequent 
interaction  between  the  cancer  cell  and  the  secondary  host  environment  to  stimulate  metastatic 
tumor  growth.  The  steps  involved  in  tumor  progression  is  influenced  by  both  tumor  and  stromal 
genes,  with  recent  evidence  revealing  that  stimulation  of  host  stromal  genes  is  important  in  breast 
cancer  progression  (2-4).  Identification  of  the  genes  critical  to  allowing  specific  growth  in  bone 
and  other  metastatic  sites  is  important  for  the  development  of  therapeutic  strategies. 

Although  many  genes  have  been  found  to  be  associated  with  breast  cancer  metastasis,  a  single 
accurate  predictor  to  identify  patients  who  will  develop  bone  disease  is  still  lacking.  This  is 
largely  due  to  the  lack  of  clinically  relevant  models  of  breast  carcinoma  metastasis  to  bone  to 
evaluate  the  function  of  genes  already  implicated  in  the  metastatic  process  and  to  find  new  gene 
candidates.  Models  used  to  find  these  genes  have  usually  relied  on  cell  culture  or  xenograft 
models  of  bone  metastases  in  the  absence  of  primary  breast  tumor1  formation  (eg.  MDA-MB-231 
injected  into  left  ventricle  of  nude  mice).  This  makes  it  difficult  to  study  the  steps  of  metastatic 
progression  from  the  initial  invasion  of  cells  into  the  circulation  to  the  growth  in  the  bone 
microenvironment.  Also,  whole  tumor  gene  expression  analysis  ignores  the  contribution  of 
tumor-associated  stromal  cells  to  growth  and  invasion  of  tumor  cells.  The  use  of  cell  specific 
profiling  may  therefore  identify  gene  candidates  in  stromal  cells  that  could  have  been  masked 
using  whole  tumor  analysis.  A  recent  study  reported  major  alterations  in  gene  expression  of 
breast  cancer  associated  myoepithelium  (5),  changes  that  have  not  been  identified  in  past  studies. 

A  recent  spontaneous  metastasis  model  has  been  developed  in  our  Laboratory.  This  model 
mimics  the  clinical  disease  in  that  a  primary  breast  tumor  develops,  the  cells  invade  through  the 
stroma  into  the  circulation  and  colonize  at  a  distant  organs  (Figure  1)  (6).  This  is  the  first 
reported  model  of  spontaneous  metastasis  of  breast  tumor  cells  from  the  primary  site  in  the 
mammary  gland  to  different  organs,  including  bone.  The  model  is  of  enormous  importance  for  a 
comparison  of  the  expression  profiles  of  primary  tumors  with  different  metastatic  capacities. 
This  proposal  aims  to  determine  cell-specific  expression  changes  during  breast  cancer  metastatic 
progression.  The  model  can  then  be  used  for  functional  analysis  of  genes  identified  to  determine 
whether  they  are  in  fact  involved  in  the  metastatic  process  and  whether  they  have  therapeutic 
potential. 

The  main  objectives  are  to  study  the  molecular  events  involved  in  metastasis,  specifically  we  aim 
to  1)  identify  genes  expressed  in  tumor-derived  endothelial  cells  that  may  be  associated  with 
metastasis;  2)  determine  whether  these  genes  are  also  expressed  in  human  breast  cancer,  3)  study 
the  function  of  these  genes  using  in  vitro  metastasis  and  angiogenesis  assays;  4)  explore  the  role 
of  these  genes  in  metastasis  to  bone  in  vivo. 
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BODY 


TASK  1:  Isolate  tumor  and  stromal  cells  from  primary  tumors  of  differing  metastatic  capacity 
and  subject  the  RNA  isolated  from  these  cells  to  microarray  analysis  (months  1-12) 

a.  Purify  specific  cell  populations  (epithelial,  endothelial  and  fibroblast  cells)  using 
immunopurification  from  fresh  tumors  and  by  laser  capture  microdissection  (LCM)  from 
frozen  tumors  (months  1-9). 

b.  Perform  microarray  analysis  of  specific  cell  types,  comparing  RNA  from  cells  derived  from  a 
non-metastatic  tumor  to  that  from  a  metastatic  tumor  (months  6-12). 

Task  1  has  now  been  completed.  We  have  separated  epithelial  cells,  endothelial  cells  and 
remaining  stromal  cells  from  the  primary  tumors  of  the  tumor  lines  shown  in  Figure  1.  The 
separation  was  done  individually  for  six  tumors  of  each  line  following  28  days  growth  in  the 
mammary  gland  of  Balb/c  mice.  Fresh  resected  tissue  (normal  fat  pad,  primary  tumor  tissue  or 
the  metastatic  sites  spine,  femur  and  lung)  was  obtained  and  cell  separation  completed  using  an 
immunobead  protocol  adapted  from  Vogelstein  and  colleagues  (7).  Purity  of  the  epithelial  and 
endothelial  cell  populations  was  confirmed  by  immunostaining  for  carcinoembryonic  antigen 
(CEA)  and  von  Willibrand  factor  (vWF),  respectively  and  also  by  RT-PCR  of  epithelial  (CK18) 
and  endothelial  (vWF,  P1H12)  associated  genes  (Figure  2).  During  the  cell  isolation  procedure, 
epithelial  cells,  endothelial  cells,  B  and  T  cells  and  red  blood  cells  are  removed.  The 
composition  of  the  “remaining  stromal  cells”  is  likely  to  be  primarily  fibroblasts,  with  a  small 
number  of  other  cells  including  macrophages  and  adipocytes  likely  to  be  present. 

Amplified  RNA  isolated  from  epithelial  and  endothelial  cells  was  used  for  cDNA  microarray 
analysis  using  the  NIA  mouse  15K  custom  array  (Microarray  Facility,  Peter  MacCallum  Cancer 
Centre)  with  newborn  mouse  RNA  as  a  reference.  Microarray  results  were  analysed  using 
Genepix  and  Genespring  v.6  software  and  gene  expression  profiles  of  epithelial  and  endothelial 
samples  were  compared  to  determine  those  that  were  significantly  different  (p<0.05)  in  high 
metastatic  samples  compared  to  low  metastatic  and  normal  samples,  by  at  least  1.8  fold.  It 
should  be  noted  that  amplification  of  RNA  did  not  produce  any  bias  as  confirmed  by  the  lack  of 
significant  difference  between  expression  profiles  of  the  same  sample  that  was  or  was  not 
amplified  (data  not  shown). 

Gene  expression  profiles  have  been  obtained  from  the  tumor  epithelial  and  endothelial  cells 
within  the  primary  tumors.  For  each  cell  type,  a  set  of  genes  have  been  identified  whose 
expression  is  different  between  the  highly  aggressive  bone  metastasizing  lines  (4T1.2  and 
4T1.13)  and  the  poorly  metastatic  lines  (66cl4  and  67NR);  and  in  endothelial  comparisons  also 
different  from  that  in  the  normal  mammary  gland.  We  have  also  isolated  RNA  from  the 
remaining  stromal  cell  component  of  each  of  the  six  primary  tumors  of  each  tumor  line  in  the 
metastasis  model  in  preparation  for  gene  expression  profiling  of  this  cell  population.  Further,  we 
have  isolated  RNA  from  the  three  different  cell  populations  within  metastases,  where  they  occur, 
in  preparation  for  cDNA  microarray  anaysis  of  lung  and  bone  metastases. 

The  genes  identified  aberrantly  expressed  in  highly  metastatic  tumor-associated  endothelium 
are  listed  in  Table  1  and  include,  not  surprisingly,  genes  involved  in  angiogenesis,  proliferation, 
adhesion  and  motility.  Also  of  interest  are  some  genes  whose  expression  is  suppressed  in  the 
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endothelial  cells  of  the  highly  metastatic  tumors,  including  two  well  known  tumor  suppressor 
genes,  PTEN  and  LKB1.  There  are  also  genes  involved  in,  or  regulated  by  the  Hedgehog 
signalling  pathway:  Laspi,  CREBBP/EP300  inhibitory  protein  1  and  FoxPl.  Of  interest  as  well 
are  a  number  of  differentially  regulated  ESTs,  shown  in  Table  2.  Interestingly,  one  EST  down- 
regulated  in  highly  metastatic  tumor  endothelium  has  recently  been  identified  as  a  homolog  of 
large  tumor  suppressor  2  (LATS2),  again  revealing  endothelial-cell  specific  decrease  in 
expression  of  tumor  suppressor  genes. 

Some  of  the  genes  in  Table  1  have  been  linked  previously  to  cancer,  but  many  have  not  yet 
either  been  associated  with  cancer  or  even  reported  before  in  endothelial  cells.  It  is  intended 
that  the  function  of  some  of  these  genes  will  be  examined  in  tumor  associated  endothelial  cells 
using  our  metastasis  model.  Those  of  specific  interest  include  serine/threonine  kinase  11 
(Stkl  1  or  LKB1),  Forkhead  box  PI  (FoxPl)  and  macrophage  migration  inhibitory  factor  (MIF). 

Genes  found  altered  in  highly  metastatic  primary  tumor  epithelium  are  summarised  in  Table  3. 
Upregulated  genes  include  those  involved  in  cellular  proliferation  and  apoptotic  inhibition 
(DACH1),  cytoskeletal  organization  and  development  (Dppa5,  Mater)  whereas  those  found  to 
be  decreased  in  expression  in  highly  metastatic  tumor  cells  include  differentiation  and  apoptosis 
genes  (BMP4)  and  metastasis  suppressor  genes  (BRMS1).  A  number  of  ESTs  were  also 
identified  as  aberrantly  expressed  and  a  selection  validated  in  Task  2. 

The  genes  of  interest  for  further  study  are  listed  in  Table  4,  along  with  their  chromosomal 
localization,  previous  loss  of  heterozygosity  (LOH)  or  gene  amplification  documented  for  that 
region  and  associated  functions  that  may  indicate  a  role  in  metastasis.  It  should  be  noted  that 
these  genes  are  yet  to  be  studied  for  chromosomal  and  epigenetic  aberrations  and  it  will  be  of 
future  interest  to  do  so  in  our  future  studies  (ie  DNA  amplification,  promoter  methylation  for  up- 
regulated  and  down-regulated  genes  respectively). 

TASK  2  Verify  expression  of  differentially  expressed  genes  found  in  the  mouse  model  in  the 
relevant  cells  of  human  breast  tumors,  using  immunohistochemistry  or  in  situ  hybridization 
(months  9-18). 

a.  Use  realtime  RT-PCR  and  immunohistochemistry  in  cell  culture  and  in  tissue  sections  of  the 
mouse  model  to  confirm  the  microarray  data  (months  9-15). 

b.  Confirm  that  these  genes  are  also  relevant  to  breast  cancer  metastasis  to  bone  in  humans  by 
using  human  tissue  arrays  to  measure  expression  of  the  identified  genes  in  the  relevant  human 
cell  type  (endothelial,  fibroblast  or  epithelial)  (months  12-18). 

As  reported  under  Task  1,  we  have  generated  gene  expression  profiles  of  isolated  epithelial  cells 
from  tumors  that  are  highly  metastatic  compared  to  those  that  are  weakly  metastatic  or  non¬ 
metastatic.  We  have  used  our  metastasis  model  in  which  spontaneous  metastasis  to  various  sites, 
including  bone,  occurs  following  growth  of  a  tumor  in  the  mammary  gland.  In  Table  1,  2  and  3 
we  reported  some  of  the  genes  we  found  to  be  aberrantly  expressed  in  tumor  epithelial  cells  and 
in  associated  host  endothelium.  The  differences  in  expression  for  several  of  these  genes  have 
now  be  confirmed  by  real  time  quantitative  RT-PCR.  From  the  lists  of  epithelial  genes  altered  in 
highly  metastatic  primary  breast  cancer  (table  3),  we  have  compared  the  expression  of  BMP4, 
Dachl  and  two  ESTs  -  NM028729  and  BC042445  as  shown  in  Figure  3.  Of  interest  is  the 
decreasing  expression  of  BMP4  with  increasing  metastatic  capacity  and  the  reverse  response  for 
Dachl .  BMP4  is  a  member  of  the  TGFP  family,  has  a  role  in  development,  induces  senescence 
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and  is  a  negative  regulator  of  Dachl,  which  stimulates  proliferation  and  inhibits  TGFp  induced 
apoptosis.  Functional  analysis  of  this  interaction  will  be  further  studied  in  vitro. 

Stefin  A1  was  also  found  to  be  expressed  at  much  higher  levels  in  the  highly  metastatic  4T1.2 
and  4T1.13  primary  tumor  epithelium  (Table  3).  Stefin  A1  has  been  reported  to  be  an  inhibitor  of 
cathepsin  S  and  a  marker  of  malignancy  in  some  tumor  systems.  When  comparing  expression 
profiles  of  epithelium  isolated  from  primary  tumors  and  from  matched  spine  metastases  (from 
4T1.2  and  4T1.13  sublines),  stefin  A1  had  even  higher  levels  of  expression  in  the  bone 
metastases  compared  to  the  primary  tumor,  suggesting  an  important  role  in  metastasis  to  bone 
and  the  possibility  that  only  a  subset  of  cells  in  the  primary  tumor  express  the  gene  and  these 
cells  are  selected  for  in  the  bone  metastases.  The  expression  patterns  were  validated  by  RT-PCR 
(Figure  4)  of  cDNA  samples  from  immunopurified  epithelial  populations  derived  from  both  the 
primary  tumor  and  matched  spine  metastases.  These  results  suggest  that  Stefin  A1  has  potential 
not  only  as  a  prognostic  marker  at  the  primary  site,  but  also  as  a  target  for  treatment  of  metastatic 
cancer  since  its  expression  is  maintained  (and  enhanced)  in  bone  metastases. 

To  determine  whether  Stefin  A1  expression  was  relevant  in  human  cancer  (and  hence  that  these 
studies  are  clinically  relevant)  immunohistochemistry  was  carried  out  on  human  primary  tumors 
using  an  anti-human  stefin  A  antibody.  Interestingly,  the  hypothesis  that  only  a  subset  of  cells 
expressed  Stefin  A  (and  hence  the  relatively  low  expression  in  primary  tumors  compared  to  spine 
and  femur  metastases)  held  true,  with  only  1-2  of  6  primary  samples  analyzed  being  positive  for 
stefin  A  and  of  those  tumors  only  a  subset  of  tumor  cells  expressed  stefin  A  at  the  protein  level 
(Figure  5).  It  should  be  noted  that  this  antibody  was  not  reactive  to  murine  stefin  A  and 
therefore  could  not  be  used  for  verification  in  the  mouse  tumor  tissues.  In  situ  hybridization  will 
be  used  to  detect  the  expression  of  stefin  A1  in  primary  and  metastatic  tumors  of  the  mouse 
model. 

We  have  also  verified  the  microarray  data  derived  from  primary  tumor  vascular  endothelium, 
before  proceeding  to  a  study  of  the  expression  of  the  genes  in  situ  in  tumors.  Expression  of 
FoxPl,  LKB1,  MIF,  LATS2  and  Snail  by  real  time  quantitative  RT-PCR  is  shown  in  Figure  6. 
With  increasing  metastatic  capacity,  endothelial  expression  of  FoxPl,  LKB-1  and  LATS2 
decreased.  On  the  other  hand,  there  was  a  trend  toward  increased  expression  of  MIF  and  SNAIL 
in  the  endothelium  of  highly  metastatic  4T1 .2  tumors.  SNAIL  has  been  shown  in  a  previous 
study  to  be  up-regulated  in  human  breast  tumor  endothelium  compared  to  normal  endothelium 
(8). 

Since  a  group  of  genes  have  now  been  verified  from  the  microarray  studies  by  RT-PCR  on 
immunopurified  samples,  in  situ  hybridisation  is  now  being  optimised  to  verify  histologically  the 
cell  specific  expression  of  these  genes  of  interest  and  their  expression  both  in  the  primary  tumors 
and  also  in  metastatic  lesions.  Due  to  the  lack  of  antibodies  available,  riboprobes  are  being  made 
by  cloning  2-3  ~400  bp  cDNA  fragments  of  each  gene  into  pGEM  Teasy  and  utilizing  the  T7  and 
Sp6  bidirectional  promoters  for  generating  anti-sense  and  sense  RNA  probes.  The  method  is 
being  optimised  using  the  vascular  endothelial  specific  gene  KDR  (VEGFR2).  Constructs  have 
already  been  made  for  KDR,  FoxPl,  SNAIL  and  LATS2.  Therefore  studies  in  the  near  future 
will  be  concentrating  on  the  endothelial  genes  of  interest,  in  order  to  determine  the  best 
candidates  to  take  on  to  functional  studies. 
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TASK  3  In  vitro  functional  analysis  of  the  selected  candidates  (months  18-36). 

a.  Perform  in  vitro  invasion  and  migration  assays  using  tumor  cells  co-cultured  with  endothelial 
cells  or  fibroblasts  isolated  from  primary  tumors  with  known  metastatic  potential  (months  18- 
24). 

b.  Generate  endothelial  cells  or  fibroblasts  transiently  infected  with  a  retrovirus  expressing  a 
cDNA  construct  for  one  of  the  genes  of  interest.  Use  these  cells  in  the  invasion  and  migration 
assays  described  above  with  tumor  cells  of  varying  invasive  potential  (months  18-36). 


TASK  4:  Explore  the  function  of  the  selected  genes  in  metastasis  in  vivo  (months  18-36). 

a.  If  available,  obtain  mice  null  for  the  stromal  gene  of  interest.  Backcross  onto  a  Balb/c 
background  (months  18-30). 

b.  Measure  the  metastatic  capacity  of  the  bone  metastasizing  clone  in  mice  lacking  the 
relevant  stromal  gene  (months  30-36). 

c.  In  normal  Balb/c  mice,  use  neutralizing  antibodies,  an  antagonist  or  a  small  molecule 
inhibitor  of  the  gene  if  interest  to  measure  the  effect  on  bone  metastasis  (months  18- 
36). 


As  expected  by  the  timeline,  functional  studies  (Task  3  and  4)  have  not  yet  been  carried  out  for 
the  genes  of  interest  in  Task  2.  Steftn  A1  is  currently  being  cloned  in  preparation  for  retroviral 
infection  into  67NR,  66cl4  and  4T1.2  lines.  This  gene  will  the  be  studied  for  a  role  in  metastasis 
in  vitro  and  in  the  metastasis  model  in  vivo.  Upon  verification  by  in  situ  hybridisation,  a  number 
of  genes  derived  from  vascular  endothelial  studies  will  be  cloned  and  studied  functionally  as  per 
Task  3  and  of  the  proposal. 
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67NR  168FARN  66cl4  4T07  4T1.2  4T1.13 

Non-metastatic  Regional  Lung  Lung  Metastatic  to  lymph 

lymph  nodes  (but  does  not  node,  lung,  bone 

proliferate)  and  other  tissues 

Figure  1.  Orthotopic  model  of  breast  cancer  metastasis  to  bone.  Several  tumor  sublines  have 
been  isolated  from  a  spontaneously  arising  mammary  gland  carcinoma.  Each  subline  has  a 
distinct  metastatic  phenotype.  67NR  is  non-metastatic,  while  168FARN,  66cl4  and  4T07  are 
weakly  metastatic  and  have  a  tissue  restricted  metastatic  distribution.  4T1.2  and  4T1.13  are  two 
bone  metastasizing  tumor  clones  derived  from  the  lung  metastasizing  4T1  subline.  Sublines  in 
bold  are  those  that  were  included  in  the  analysis 
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Control 


P1H12 


Figure  2  Verification  of  endothelial  cell  identity 

To  verify  the  specific  binding  of  P1H12  to  vascular  endothelium  a  number  of  methods  were  used.  These 
included  immunohistochemistry  on  human  foreskin  (A)  and  mouse  hind  skin  (data  not  shown)  and  RT- 
PCR  of  immunopurified  populations  of  epithelial  and  endothelial  populations  with  genes  specific  for 
endothelium  (vWF,  P1H12)  and  epithelium  (CK18),  shown  in  panels  B  and  C  respectively. 


67NR 


4T1.13 


Subline 


BMP-4 


DACH1 


Microarray-  Decreased  2.5  fold  4T1 .2, 4T1 . 1 3  Microarray=  Increased  2.4  fold  high  met  epithelium 

v’s  67NR,  66cl4  in  epithelium 


Microarray  =  2.2-fold  decrease  epi  specific  Microarray  =  1 .9-fold  increase  epi  specific 


Figure  3  Genes  with  altered  expression  in  highly  metastatic  primary  epithelium 

Genes  (BMP-4,  DACH1)  and  ESTs  (NM_028729,  BC-042445)  found  differentially  expressed  by  microarray  in  epithelial 
cells  immunopurified  from  highly  metastatic  primary  tumors  were  verified  by  quantitative  RT-PCR.  RNA  samples  from  5 
duplicate  immunopurified  samples  from  primary  tumors  of  each  subline  were  reverse  transcribed  using  Qiagen  Sensiscript 
RTase.  Quantitative  RT-PCR  was  performed  using  SYBR  green  and  gene  specific  primers,  and  GAPDH  as  a  control  for 
normalization.  RTA  represents  the  relative  transcript  abundance  when  CT  values  for  each  gene  were  normalised  to  GAPDH. 
Fold-difference  between  epithelium  derived  from  high  metastatic  and  low  metastatic  primary  tumors  as  determined  by 
microarray  is  indicated  below  each  graph. 
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A 


Stefin  A1 


B 


Microarray=  increased  9-fold  in  spine  epithelium  compared 


To  primary  epithelium 


Figure  4  Expression  of  Stefin  A1  (Stfal)  in  primary  and  metastatic  tumors. 

Stefin  A1  was  found  over-expressed  in  highly  metastatic  primary  tumor  epithelium  and  at  even  higher  levels  in 
epithelium  isolated  from  the  spine  of  mice  containing  bone  metastases.  This  was  verified  by  using  quantitative  RT-PCR, 
revealing  an  increase  in  transcript  level  in  highly  metastatic  sublines  at  the  primary  site  (A),  and  a  further  increase  in 
metastatic  lesions  (B).  4T1.2  spine  epithelium  was  derived  from  6  duplicates,  as  were  all  primary  epithelial  samples. 
Comparisons  to  microarray  results  are  shown  below  each  graph. 


Figure  5  Immunohistochemistry  ofStefin  A  in  human  breast  cancer 

2  regions  of  a  primary  breast  tumor  and  shown  stained  with  hemotoxylin  and  eosin  as  a  reference  (A),  IgG 
negative  control  (B)  and  the  anti-human  stefin  A  antibody. 
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Figure  6.  Genes  with  altered  expression  in  highly  metastatic  primary  endothelium 

FoxPl,  LKB1,  MIF,  LATS2  and  SNAIL  found  to  be  differentially  expressed  by  microarray  in  endothelial  cells 
immunopurified  from  highly  metastatic  primary  tumors,  were  verified  by  quantitative  RT-PCR.  RNA  samples  from  5 
duplicate  immunopurified  samples  from  primary  tumors  of  each  subline  were  reverse  transcribed  using  Qiagen  Sensiscript 
RTase.  Fold-difference  between  endothelium  derived  from  high  metastatic  and  low  metastatic  primary  tumors  as  determined 
by  microarray  is  indicated  below  each  graph. 
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15 


Gene 

Up/down 

Human 

chrom. 

location 

LOH/gene 

amplification 

Function/Cancer  association 

Stefin  A1 

Up 

3q21 

LOH 

-Cystatin,  inhibitor  of  Cathepsin  S  (antigen 
presentation) 

-Marker  of  malignancy  in  some  experimental  tumors 

Smt3h1/ 

SUMO 

Up 

21q22.3 

gene  amp 

-protection  against  TNF  cell  death 
-  interacts  with  MDM2 
-cell  cycle  progression 

Dach  1 

Up 

13q22 

LOH  &  gene 
amp 

-Cell  proliferation,  inhibits  TGFP-induced  apoptosis 
-Developmental  gene 

-Role  in  skeletal  development  (stimulated  by  FGF 
and  inhibited  by  BMP4) 

EST  (BC- 
042445) 

Up 

15q21.3 

Allelic 

imbalance 

-no  known  function 

-  homology  to  human  KIAA1584  protein  (AB046804) 

Lamin  A 

Down 

1q21.2- 

21.3 

LOH 

-nuclear  intermediate  filament  protein 
-expression  correlated  with  non-prolif.  cells  and 
tissues 

-  apoptotic  protein 

BMP4 

Down 

14q22-23 

LOH 

-member  of  TGF-beta  superfamily 

-  developmental  role,  induces  cell  senescence 

-  may  have  a  role  in  hedgehog  signalling 

mmm 

1 1q1 3.5 

LOH  &  gene 
amp 

-  no  known  fucntion 

-  homology  to  human  hypothetical  protein  FLJ25416 
(BC039268) 

Table  4:  List  of  candidate  genes  aberrantly  expressed  in  highly  metastatic  primary  tumor  epithelium.  Genes  that 
are  increased  (up)  or  decreased  (down)  in  the  highly  metastatic  tumors  (4T1.2, 4T1.13)  compared  to  those  that  do  not 
metastasize  to  bone  are  indicated,  along  with  the  human  chromosomal  localization  and  known  gene  functions  and 
previous  documentation  in  cancer.  Also  included  is  past  evidence  of  LOH  or  gene  amplification  in  that  chromosome 
region  in  breast  cancer. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


•  Purification  of  epithelial,  endothelial  and  “stromal”  cells  from  primary  tumors  derived 
from  an  in  vivo  model  of  breast  cancer  metastasis 

•  Confirmation  of  endothelial  cell  purity  using  the  immunopurification  method 


•  Microarray  gene  expression  profiling  of  cell  specific  alterations  with  increasing  metastatic 
propensity  of  primary  tumors 

•  Generation  of  tables  of  genes  statistically  different  in  endothelial  and  epithelial  cells  from 
highly  metastatic  primary  tumors 


•  Quantitative  RT-PCR  verification  of  genes  altered  in  the  endothelium  (FoxPl,  LKB-1, 
MIF,  SNAIL,  LATS2)  and  epithelium  (Stefin  Al,  BMP-4,  DACH1,  and  2  ESTs) 

•  Verification  of  high  Stefin  Al  expression  in  epithelial  cells  purified  from  bone  metastases 
(higher  than  that  in  matched  primary  tumors) 

•  Detection  of  Stefin  A  expression  also  in  human  breast  cancer  by  immunohistochemistry 
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CONCLUSIONS 

This  study  has  investigated  cell  specific  gene  expression  alterations  during  metastatic  progression 
of  breast  cancer  in  a  clinically  relevant  in  vivo  model.  Endothelial  and  epithelial  cells  have  been 
successfully  purified  from  primary  breast  tumors  ana  (subsequent  to  RNA  amplification  and 
labelling)  have  been  expression  profiled  using  microarray. 

A  number  of  candidates  have  been  identified  over-expressed  or  suppressed  in  tumor  endothelium 
and  in  the  tumor  cells  themselves  during  metastatic  progression.  These  candidates  have  been 
verified  and  will  be  analysed  further  for  their  functional  role  in  metastasis,  and  for  their  role  in 
human  breast  cancer. 

One  such  gene,  stefin  Al,  has  an  enhanced  gene  expression  in  tumor  cells  with  greater  metastatic 
propensity  and  this  expression  is  elevated  in  matched  spine  and  femur  metastases.  Importantly, 
this  gene  also  has  relevance  in  human  breast  cancer,  with  detection  of  protein  expression  in  a 
subset  of  primary  tumors.  This  work  is  going  to  be  continued  to  determine  the  prognostic 
significance  of  stefin  A  expression  in  human  breast  cancer. 

This  work  has  many  implications  to  breast  cancer  research.  The  use  of  a  clinically  relevant 
model  of  breast  cancer  metastasis  was  not  only  useful  for  finding  gene  candidates  but  is  also  of 
enormous  importance  in  determining  the  functional  role  of  such  genes  in  the  metastasis  process. 
This  has  not  been  available  in  other  studies,  and  may  be  responsible  for  the  lack  of  molecular 
markers  as  prognostic  indicators  and  targets  for  treatment.  Additionally,  many  genes  that  have 
previously  been  associated  with  human  cancer  progression  have  been  identified  in  this  study  and 
that  fact  that  we  have  already  verified  expression  of  one  of  our  candidates  of  interest  in  human 
breast  cancer  reveals  the  clinical  relevance  of  this  model  in  researching  breast  cancer  metastasis. 
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